He~have developed a method to accurately determine C< 3t RSD) the complete major and modified base composition of a few micrograms of un- 
INTRODUCTION
Most DNA molecules contain minor amounts of bases which are methylated after DNA replication (1) Several different analytical techniques have been used in the determination of the major and minor base composition of DNA. One of the earliest techniques used was paper chromtography of DNA digests with quantitation by ultraviolet absorption (6,7). Paper and thin layer chromatographic methods have also been applied to digests of DNA which were labeled in vivo with radioactive precursors (8,9,10,11). This approach has high sensitivity but quantitation of radiolabeled methylated bases using [ 3 H] or pT.
-methyl] methionine has had limited success due to the difficulty 1n determining the sizes of the appropriate meth1on1ne pools (12, 13, 14) . More advanced chromatographic techniques Including gas-Hquid chromatography 05,16), cation-exchange chromatography (17, 18, 19, 20, 21, 22, 23, 24, 25) , reversed-phase HPLC (26) , pa1red-1on reversed-phase HPLC (27) and gas chromatography -mass spectrometry (28) have a>so been applied to analysis of the major, minor or total base composition of DNAs.
Mass spectral (29, 30, 31) and immunological (32, 33) methods have also been applied to DNA analysis. However these methods have one or more of the following limitations; the ability to measure only the major bases or one of the modified bases, exposure of the DNA to harsh conditions, and dependence of the determination on the conformation of the DNA and distribution of the modified bases.
This article describes a reversed-phase high performance liquid chromatographic (RP-HPLC) method for the analysis of major and minor deoxyribonucleosides in DNA. The method, which Is based on our studies of the chromatographic parameters for the analysis of major and minor ribonucleosides in RNA and other biological materials, [34, 35, 36, 37, 38) offers good sensitivity, selectivity, precision and accuracy for the determination of all six deoxyribonucleosides without the use of harsh hydrolysis conditions, large DNA samples, difficult sample preparation procedures or in vivo labeling of DNA.
MATERIAL AND METHODS
For these studies an automated HPLC system was used which Included an M-6OO0A solvent delivery system, a WISP 710-A automatic sample Injection system, a model 440 fixed wavelength UV detector (Waters Assoc. Inc.), and a Model 3352B data handling system (Hewlett-Packard). The detector was set to monitor the absorption at both 254 and 280 nm. The buffer supplied to the pump was controlled by a model MV-4 four port valve with timer control (HER Chromatographic). This timer-valve system was modified by the addition of a 24 volt power supply and relay to allow Interfacing of the timer controlled valve with the automated Injector. With this arrangement a complete, automated recyclable 3 buffer stepwise gradient system was obtained. (Figure 3 ). Using our chromatographic conditions the ribonucleosides eluted faster than the less polar corresponding deoxyribonucleosides so that a readily available ra 6 Ado standard was used to predict the elution position for m 6 dAdo, which was not commercially available. Unlike the other deoxyribonucleosides, m 6 dAdo was quantitated without an Internal standard, therefore the hydrolysate volume had to be known exactly. The commercially available bacterial alkaline phosphatase was found to be contaminated with enough deoxyadenosine deaminase activity to give as much as 2 mole % of deoxyinosine 1n the final digest. Pre-1ncubating the phosphatase at 95°C for 10 minutes reduced the deaminase activity more than ten-fold with no loss of phosphatase activity. This pre-treatment had also been used to reduce contaminating phosphodiesterase activity 1n preparations of alkaline phosphatase (42). Precision, accuracy, and linearity of HPLC chromatography of free deoxyribonucleosidei A series of experiments were made to determine the precision, accuracy and linear range of the HPLC measurement of six deoxyribonucleosides and their corresponding Hbonucleosides. The percent relative standard deviation (RSD) obtained from three analyses for each deoxyribonucleoside at 2500, 500, 250 and 50 pmol injected were as follows: above 250 pmole the RSD was less than 1% and at 50 pmol a range of 2-5%. When smaller amounts of deoxyribonucleosides are injected (< 50 pmoles =» 15 ng or less) the RSD % Increases. The Increase in the RSD at these lower levels is due to the decrease 1n the signal/noise ratio. We are working on a number of these parameters to Improve still further the precision of the method at the lower levels of deoxyribonucleosides Injected. An excellent average precision for the 50 to 2500 pmole range of less than 2% RSD Indicates that the method 1s linear over the range used in this Investigation. To determine the precision and linearity of the total method for analysis of DNA, multiple analyses were made of two model DNAs, calf thymus DNA and salmon sperm DNA. Triplicate samples of DNA were subjected to enzymatic hydrolysis at levels ranging from 150 yg to 5 yg of DNA per hydrolysate. We found that the mole fraction values obtained at all levels were essentiality the same (Table I) .
The precision obtained was excellent, in general giving 2% RSD or less for all deoxyribonucleosides (Table i) s1de. This methodology is also applicable to examining the content of chemically or physically altered nucleosides 1n DNA providing that these alterations do not interfere with the enzymatic hydrolysis. Such an application is described 1n the accompanying article on the b1sulfite-1nduced deamination of DNA (45). Given the relatively low base specificity of the two enzymes necessary for the hydrolysis, namely, nuclease PI and E^. coll alkaline phosphatase, digests of other types of experimentally modified DNAs ought to be analyzable by this HPLC procedure. closely with our data, and, 1n general, the disagreement was less than 4 percent for the major deoxyribonucleoside values in all DNAs compared. However, the range for the reported literature values is quite large. The purine to pyrimidine ratios from our analysis were 1.01 for all the DNAs indicating that the method has essentially no bias. The deoxyribonucleoside content of four DNAs having a widely different m'dCyd content was examined to test the applicability of this method for a variety of samples. m'dCyd was not detected in E^. coll B DNA (Table III) (Table III) . There is currently much interest 1n the as yet ill defined roles of methylated bases in ONA, especially m 5 dCyd 1n eucaryotic DNA. This type of sensitive analysis of various types of DNA and of subfractions of ONA should help advance our understanding of the relationship of methylation to DNA function.
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